Abstract. We examine the radial dependence of the pseudo phase-space density, ρ(r)/σ 3 (r), for structures on galactic and galaxy cluster scales. We find that it is approximately a power-law only in the range of halo radius resolved by current simulations (down to 0.1% of the virial radius) while it has a nonpower law behavior below the quoted scale, with inner profiles changing with mass. The non-power-law behavior is more evident for halos constituted of both dark matter and baryons, while halos constituted just of dark matter are characterized by an approximately power-law behavior. The results argue against universality of the pseudo phase-space density and, as a consequence, argue against universality of density profiles constituted of dark matter and baryons as also discussed in Del Popolo (2009).
INTRODUCTION
In the present cosmic concordance ΛCDM model, the universe is composed of two components, a non-relativistic component (baryons + cold dark matter, Ω nr = 0.274), and a vacuum energy density (Ω Λ = 0.726) that fits accurately the current observational data (Komatsu et al. 2011; Allen et al. 2011; Del Popolo 2007; Del Popolo 2013 , 2014a .
However, the ΛCDM model suffers from several problems, at small-scales, e.g., the cusp/core problem (Cardone & Del Popolo 2012; Del Popolo et al. 2013a; Saburova & Del Popolo 2014; Del Popolo & Hiotelis 2014) , the missing satellite problem, the too-big-to-fail problem (Del Popolo & Gambera 1997; Del Popolo & Le Delliou 2014) , and on larger scales the cosmological constant problem (Weinberg 1989; Astashenok & Del Popolo 2012) , and the cosmic coincidence problem.
An important issue in the ΛCDM model is to determine the total mass of virialized halos (Del Popolo & Gambera 1996; Del Popolo 2002; Hiotelis & Del Popolo 2006 , 2013 (galaxy and galaxy clusters), and their density profiles.
The last decade studies of dark matter (DM) halos have converged on a broad consensus about their equilibrium structure. While the work of Navarro et al. (1996 Navarro et al. ( , 1997 concluded that spherically-averaged density profile, ρ(r), of equilibrium structure of DM halos is well approximated by a universal profile known as the Navarro-Frenk-White (NFW) profile, more recently, it has been shown that the functional form of the universal profile is better approximated by profiles whose logarithmic slope, d ln ρ/d ln r ∝ r α , becomes increasingly shallower inwards (e.g., Navarro et al. 2004 Navarro et al. , 2010 Stadel et al. 2009 ). Moreover, there is a discussion whether the profile is actually universal or not (Moore et al. 1998; Subramanian 2000; Klypin et al. 2001; Ricotti 2003; Ricotti et al. 2007; Fukushige et al. 2004; Cen et al. 2004; Merrit et al. 2006; Graham et al. 2006; Gao et al. 2008; Del Popolo 2010 , 2014b Babyk et al. 2014) . Regardless of which density profile functional form proves to best describe N -body halos, the underlying physics that drives the halos to have this shape is not yet fully understood.
In order to have more insights into the quoted problem, Taylor & Navarro (2001, hereafter TN01) and Hansen (2004) considered the radial profile of the space density of N -body halos. They measured the quantity ρ(r)/σ 3 (r) 1 , which has the dimensionality of phase-space density. In spherically-symmetric equilibrium halos, ρ(r)/σ 3 (r) is proportional to the coarse-grained phase-space density, a quantity distinct from the fine-grained phase-space density whose conservation is ensured by the collisionless Boltzman equation (e.g., Dehnen 2005) . TN01 identified that the quantity Q(r) = ρ/σ 3 (r), which has become known as the pseudo phase-space density, behaves as a power law over 2-3 orders of magnitude in radius inside the virial radius. Other studies (e.g., Rasia et al. 2004; Ascasibar et al. 2004 ) have confirmed the scale-free nature of Q(r), and their results indicate that its slope lies in the range α = 1.90 ± 0.05. This property is remarkable since neither the density ρ(r) nor the velocity dispersion σ(r) separately shows a power-law behavior. More recently, Ludlow et al. (2011) calculated that the Q(r) of Einasto halos should be close to power laws over a wide range of radii. However, very close to the center, Q(r) for values of α typical of CDM halos deviate significantly from a power law.
Despite the insights obtained in previous studies (Austin et al. 2005; Barnes et al. 2006; Hoffman et al. 2007) , the origin for such universality of Q(r) is not yet understood, and the question of how this quantity relates to the true coarsegrained phase-space density has been investigated by several authors (Hoffman et al. 2007; Vass et al. 2009a,b; Maciejewski et al. 2009; Sharma & Steinmetz 2006) .
Moreover, some findings have called into question the universality of ρ/σ(r) 3 . For instance, Schmidt et al. (2008) have shown that simulated halos are better fit by a different power-law relation, and Ma et al. (2009) found that ρ/σ(r) 3 is approximately a power law only over the limited range of halo radius resolvable by current simulations.
Furthermore, all the previous quoted analyses did not study the possible outcome produced by the presence of baryons on ρ/σ (r) 3 , whose effect is to shallow (El-Zant et al. 2001 , 2004 Romano-Diaz et al. 2008 and to steepen (Blumenthal et al. 1986; Gnedin et al. 2004; Klypin et al. 2002 ) the dark matter profile. In collisionless N -body simulations, this complicated interplay between baryons and dark matter is not taken into account, because it is very hard to include the effects of baryons in the simulations.
In the present paper, we focus on the study of the phase-space density proxy ρ/σ 3 in the case of dark matter and baryons halos, by using the results of Del .
The paper is organized as follows. In Section 2, we summarize the Del Popolo (2009) model. In Section 3, we discuss the results. Finally, Section 4 presents the conclusions.
SUMMARY OF THE METHOD
In the following, we summarize the method used in the present paper, which is fully described in Del .
An often used model to study the non-linear evolution of perturbations of dark matter is the standard spherical collapse model (SSCM) introduced by Gunn & Gott (1972) and extended in subsequent papers (Ryden & Gunn 1987; Gurevich & Zybin 1988a,b; White & Zaritsky 1992; Sikivie et al. 1997; Williams et al. 2004; Del Popolo & Kroupa 2009; Cardone et al. 2011a,b; Del Popolo 2012a,b; Del Popolo et al. 2013b,c,d; Pace et al. 2014) .
In the quoted model, the evolution of a spherical density perturbation, divided into shells, is evolved from the linear phase to the phase of maximum expansion (named turn-around), and then till the final collapse.
Knowing the initial comoving radius x i , the mean fractional density excess inside the shell, δ i , and the density parameter Ω i , it is possible to obtain the final time averaged radius of a given Lagrangian shell (Peebles 1980) . If mass is conserved and each shell is kept at its turn-around radius, one can easily obtain the shape of the density profile (Peebles 1980; Hoffman & Shaham 1985; White & Zaritsky 1992) at turn-around. Starting from this, the final density profile is obtained assuming that the potential well near the center varies adiabatically (Gunn 1977; Filmore & Goldreich 1984, hereafter FG84) , what means that a shell near the center makes many oscillations before the potential changes significantly (Gunn 1977; FG84; Zaroubi & Hoffman 1993) .
The model takes into account angular momentum, dynamical friction, and baryons adiabatic contraction. There are two sources of angular momentum of collisionless dark matter: (a) bulk streaming motions, and (b) random tangential motions. The first one (ordered angular momentum, see Ryden & Gunn 1987 , hereafter RG87) arises due to tidal torques experienced by proto-halos. The second one (random angular momentum (RG87)) is connected to random velocities (see RG87). Dynamical friction was calculated dividing the gravitational field into an average component and a random component generated by the clumps constituting hierarchical universes. We took into account dynamical friction by introducing the dynamical friction force in the equation of motion (Eq. A14 in Del Popolo 2009). The shape of the central density profile is influenced by baryonic collapse: baryons drag dark matter in the so-called adiabatic contraction (AC) steepening the dark matter density slope. Blumenthal et al. (1986) described an iterative approximate analytical model to calculate the effects of AC, solved with iterative techniques (Spedicato et al. 2003 ). More recently, Gnedin et al. (2004) proposed a simple modification of the Blumenthal model, which describes numerical results more accurately. For systems in which angular momentum is exchanged between baryons and dark matter (e.g., through dynamical friction), Klypin et al. (2002) introduced a modification to Blumenthal's model. The adiabatic contraction was taken into account by means of Gnedin et al. (2004) model and Klypin et al. (2002) model taking also account of exchange of angular momentum between baryons and dark matter.
In order to calculate ρ(r)/σ 3 (r), as Williams et al. (2004) , we determine for different halos their density profiles, ρ(r) and σ(r), by means of Del Popolo (2009).
RESULTS AND DISCUSSIONS
As previously discussed in the introduction, several studies have found that ρ(r)/σ 3 (r) behaves as a power law over 2-3 orders of magnitude in radius inside the virial radius. This finding is unexpected because the density profile, ρ(r), undergoes a considerable slope change in the same radial interval. The scale-free nature of the phase-space density implies that the double logarithmic slope of the velocity dispersion changes in such a way so as to offset the change in the density profile slope. A question that could be asked is the following: does the power-law nature found is a real characteristic of all equilibrium N -body halos, at galactic scales or galaxy cluster scales, or this kind of behavior has been observed since ρ(r)/σ 3 (r) has been studied in a limited range of halo radius and without taking into account the effect of baryons? In order to answer this question and seeing if the same behavior is valid for halos of different masses, galaxies or clusters of galaxies, we shall use the SSCM model summarized in the previous section and fully described in Del Popolo (2009) For what concerns the case C, we recall that in Del Popolo (2009) we performed an experiment similar to that performed by Williams et al. (2004) , namely, we reduced the magnitude of the angular momentum, of a factor of 2, and that of the dynamical friction force, of a factor 2.5 with respect to the typical values calculated and used in the model in order to reproduce angular momentum of N -body simulations and the NFW profile.
Pseudo-phase-space density for galaxies and clusters
In Fig. 1a , we plot ρ(r)/σ 3 (r) with respect to radius, over 9 orders of magnitude, for a galaxy of 10 9 M ⊙ . The solid, dotted and long-dashed lines represent, respectively: (a) the slope in the case A; (b) the slope in the case B; (c) the slope in the case C. The short-dashed line represents the slope −1.9 found in several studies.
2 Fig. 1b shows a zoom-in view of the portion of the left figure that is resolvable by current simulations: 0.003 ≤ /r −2 ≤ 30 3 . Fig. 1 illustrates that 
ρ(r)/σ
3 (r) is not a power-law in r for both case A and case B. In the cases A and B, halos deviate strongly from a power-law at small radius. The zoom-in panel shows, however, that the slope of ρ(r)/σ 3 (r) happens to be quite close to −1.9 over the limited range, r/r −2 ≃ 0.001 to 10, that is resolvable by current simulations. The deviations are only starting to show up at the smallest radius, r/r −2 ≃ 0.001, near the simulation resolution limit. It is therefore not surprising that the power-law behavior of ρ(r)/σ 3 (r) continues to appear to be valid even though the latest simulations find the Einasto form to be a better fit for ρ(r) than GNFW (generalized NFW). If for r/r −2 ≥ 0.001 the ρ(r)/σ 3 (r) is more or less a power-law, the important point to note is that at radius smaller than ≤ 0.001, (10 −7 ≤ r/r −2 ≤ 0.001), ρ(r)/σ 3 (r) deviates far away from a pure power law. For our cases A and B, the shape of ρ(r)/σ 3 (r) flattens continuously towards the halo center. This is not unexpected since the corresponding density profile, as shown in Del , flattens going to the inner part of the halo, where it has a flat profile. As already reported, the density profile corresponding to the case C is characterized by the fact that we take into account only angular momentum reduced as in Del in order to reproduce a NFW profile with inner slope ρ ∝ r −1 . The corresponding ρ(r)/σ 3 (r) profile (long-dashed line in Fig. 1a) shows an approximatively power-law behavior with the slope ρ(r)/σ 3 (r) ∝ r −1.9 , in agreement with several of the results in the literature (e.g., TN01). It is worth noting, however, that even the NFW halo shows wiggles in the corresponding ρ(r)/σ 3 (r) profile; that is, NFW haloes have not an exact power-law ρ(r)/σ 3 (r). At large values of radius, r/r −2 ≥ 1, there is also a deviation of ρ(r)/σ 3 (r) from a power-law. The reason of this deviation can be explained by means of Jeans equation, as done in Williams et al. (2004) , and it is due to the fact that at large radii the equilibrium condition is not well satisfied. This apparently leads to 14 M⊙ cluster of galaxies. Solid line, dotted line, and long-dashed line represent, respectively, the pseudophase-space density for the cases A, B, and C described in the paper.
a break in the scale-free behavior of ρ(r)/σ 3 (r) at large radii. In Fig. 2 , we plot ρ(r)/σ 3 (r) with respect to radius, in the case of a cluster of galaxies of 10 14 M ⊙ . Here, the solid line, the dotted line, and the dashed line represent case A, case B, and case C. The behavior of the phase-space proxy is similar to the case of a galaxy. Also, in this case at small and large radii, ρ(r)/σ 3 (r) is not a power-law, but in a different radius range with respect to galaxies, namely, 10 −7 ≤ r/r −2 ≤ 0.01 and r/r −2 ≤ 10. Moreover, the ρ(r)/σ 3 (r) slope of both case A and case B, for small radii, is steeper than in the case of a galaxy, and the slope of curve relative to the NFW profile (dashed line) is slightly less steep, namely ρ/σ 3 ∝ r −0.8 , in agreement with Williams et al. (2004) results.
In order to explain why the inner ρ(r)/σ 3 (r) profiles are not power-laws and why the slopes are steeper in the case of a cluster of galaxies, we have to recall how the density profiles, ρ(r), are formed in Del Popolo (2009). The differences in the slopes with mass for the three cases (A, B, and C) plotted can be explained as follows. In case A, baryons, dynamical friction and angular momentum are present. The final density profile and final slope are determined by the interplay of these three factors.
Let us see how each of these factors acts in shaping the profile and how they interplay. The angular momentum sets the shape of the density profile at the inner regions. Particles with larger angular momenta are prevented from coming close to the halo's center and so contributing to the central density, which has the effect of flattening the density profile. The effects of dynamical friction are very similar to changing the magnitude of angular momentum (see Fig. 11 of Del Popolo 2009), with the final result of producing shallower profiles. Baryons have another effect, at an early redshift, the dark matter density experiences the adiabatic contraction by baryons producing a slightly more cuspy profile. This last is overcome from the previous two effects (angular momentum and dynamical friction). As shown by Fig. 11 of Del Popolo (2009), the magnitude of dynamical friction effect is a bit larger than that due to angular momentum and that these two effects add to improve the flattening of the profile.
The quoted effects act in a complicated interplay. Initially, at high redshift (e.g., z = 50), the density profile is in the linear regime. The profile evolves to the non-linear regime, and virializes. At an early redshift, (e.g. z ≃ 5, for dwarf galaxies), the dark matter density experiences the adiabatic contraction by baryons producing a slightly more cuspy profile. The evolution after virialization is produced by secondary infall, two-body relaxation, dynamical friction and angular momentum. Angular momentum, as described, contributes to reduce the inner slope of the density profiles by preventing particles from reaching halo's center, while dynamical friction dissipates the clumps orbital energy and deposits it in the dark matter with the final effect of erasing the cusp (similarly to El-Zant et al. 2001 , 2004 Tonini et al. 2006; Romano-Diaz et al. 2008 ). The cusp is slowly eliminated and within ≃ 1 kpc a core forms, for objects of the mass of dwarf galaxies. It is now clear why, going from a model which takes into account baryons, dynamical friction, and angular momentum (solid line, case A) to one taking account just of angular momentum (dashed line, case B) and to one taking account just of angular momentum reduced to reobtain N -body simulations angular momentum, one obtains so different behavior of the inner density profile slopes.
The main reason of the difference in behavior of the profile slopes between galaxies and galaxy clusters is due to the fact that in the case of clusters the virialization process starts much later with respect to galaxies. In the case of galaxies, the profile strongly evolves after virialization through the processes described previously. In the case of dwarf galaxies of 10 9 M ⊙ , we have shown (Del Popolo 2009) that the profile virializes at z ≃ 10 and from this redshift to z = 0 its shape continues to evolve, except at z ≃ 5 when adiabatic contraction steepens the profile. In the case of a galaxy cluster of 10 14 M ⊙ , the profile virializes at z ≃ 0 (Del Popolo 2009) and, as a consequence, the further evolution, observed in galaxies, cannot be observed in galaxy clusters. Summarizing, Figs. 1 and 2 show that ρ(r)/σ 3 (r) is not a power-law as shown in some previous studies reported in the introduction. Our results are in line with some recent works that have called into question the universality of ρ/σ(r) 3 . For instance, Schmidt et al. (2008) have advocated that individual simulated haloes are better fit by a generalized power-law relation that is not necessarily ρ/σ(r) 3 over 12 orders of magnitude in radius by solving the Jeans equation for a broad range of input ρ and velocity anisotropy β and found that ρ/σ (r) 3 is approximately a power law only over the limited range of halo radius resolvable by current simulations (down to ∼ 0.1% of the virial radius), and ρ/σ(r) 3 deviates significantly from a power-law below this scale for both the Einasto and NFW density profiles, ρ(r).
Comparison of our DM density profiles and ρ(r)/σ 3 (r) with simulations
In order to show how our results for ρ(r)/σ 3 (r) are in agreement with highresolution simulations, we compare them, in the radius range studied, with recent results of Ludlow et al. (2011) , who calculated the pseudo phase-space density for the Einasto profile.
In Fig. 3 , which plots the top panel of Fig. 2 of Ludlow et al. (2011) , the mean profiles and one-sigma scatter of Q calculated by Ludlow et al. (2011) result, while the solid black line, almost indistinguishable from the dotted line, was calculated with the model of the present paper without taking into account baryons, in order to be able to compare the result for Q with those of dissipationless simulations (like those of Ludlow et al. 2011 ). Fig. 3 shows a very good agreement of the result of the present paper with those of Ludlow et al. (2011) in their studied radius range ≃ 10 −2 -10 1.5 . Note that χ in Fig. 3 is the exponent in
which, as mentioned previously, was originally reported by TN01. Fig. 4 shows (in blue) the density profiles for three different values of χ, and compares them to Einasto profiles. The values of α of the three Einasto profiles shown (in red) have been chosen, by Ludlow et al. (2011) , to match as closely as possible the profiles corresponding to the pseudo phase-space density models. For α = 0.1 and α = 0.17 the corresponding pseudo phase-space density profiles are very well approximated by power laws over the whole radial range plotted.
Only for larger values of α, such as 0.3, clear deviations from a power law are noticeable. The thick solid curve in black shows the profile corresponding to the billion-particle Aq-A-1 halo, namely Navarro et al. (2010) highest resolution halo. The green lines, solid and dash-dot, marked DP in Fig. 4 , plot the pseudo phasespace density profiles calculated with the model of the present paper for case B and case C, respectively. The green solid line shows that the flattening that we obtain at r/r −2 = 10 −3.7 (smallest value plotted by Ludlow et al. 2011 in their Fig. 5b ) is close to the case α = 0.17 (typical of ΛCDM models) plotted in Fig. 5b of Ludlow et al. (2011) . The flattening in the quoted Ludlow et al. figure for α = 0.10 at r/r −2 = 10 −3.7 is almost identical to that of the present paper for case C (green dash-dot line). Fig. 4 shows a very good agreement of the result of the present paper with those of Ludlow et al. (2011) , in their studied radius range ≃ 10 −3.7 -10 1.5 , for an Einasto profile with both α = 0.17 and α = 0.10. Ludlow et al. (2011) did not probe a pseudo-phase-space density profile at a smaller radius, as done in the present paper. At a radius of ≃ 10 −3.7 , i.e., the minimum radius plotted by Ludlow et al., a small discrepancy from pure power-law behavior of the pseudophase-space density profile starts to be seen, and if one goes to a smaller radius (e.g., 10
−9 , as in the present paper) the flattening should be larger. Moreover, as reported in the conclusion section of Ludlow et al. (2011) , "significant differences Ludlow et al. (2011) with those obtained in the present paper. The result of the present paper (solid green line) for case B is in good agreement with the pseudo-phase-space density profile of Einasto with α = 0.17 typical of ΛCDM models and the case α = 0.10 is almost identical to that of the present paper for case C (green dash-dot line). DP stands for Del Popolo (i.e., the result of the present paper).
are only expected at radii well inside 1% of the scale radius, r −2 , and are therefore beyond the reach of current simulations."
Universality of the phase-space density profile
Another issue to discuss is the interrelation between the universality of the pseudo-phase-space density and that of the halos density profiles. As previously discussed, there are different methods to analyze the structure of dark matter halos. A standard approach involves investigating the halos density profiles. Few theoretical attempts have been made to understand the origin of this density profile (e.g., Salvador-Solé et al. 2007; Henriksen et al. 2007 ) with a varying level of success. The scale-free nature of ρ(r)/σ 3 (r) represents a novel way of looking at the properties of halos. If this property is "universal", it amounts to a hitherto unrecognized constraint on the shape of the density profiles (Austin et al. 2005) . Our result confirms this point of view: the ρ(r)/σ 3 (r) profiles flattening towards the halo center are generated by similar density profiles, which have the logarithmic slope α ≃ 0 for 10 8 − 10 9 M ⊙ and α ≃ 0.6 for M ≃ 10 14 M ⊙ (Del Popolo 2009). At the same time, our main result is that ρ(r)/σ 3 (r) is not universal if studied in the appropriate radius range, and, similarly, we expect that halos density profiles are not universal, because their inner part should depend on mass, as the ρ(r)/σ 3 (r) profiles, and should also flatten towards the halo center, showing flat cores in the center of the halo (as shown in ). This result is in agreement with several previous ones, described in the reminder of this paper. Ricotti's (2003) N -body simulations suggested that the density profile of DM halos is not universal (in agreement with the other quoted studies), but that there are instead shallower cores in dwarf galaxies and steeper cores in clusters. This leads to the conclusion that density profiles do not have a universal shape (see also Subramanian et al. 2000; Cen et al. 2004; Graham et al. 2006; Merrit et al. 2005 Merrit et al. , 2006 .
There are also observational evidences of a mass dependence of the dark matter density profile. Simon et al. (2003 removed the contribution of the stellar disk to the rotation curve of five galaxies in order to reveal the rotation curve of their dark matter halo. They found that the galaxies NGC 2976, NGC 6689, NGC 5949, NGC 4605, and NGC 5963 have very different values of the slope: α ≃ 0.01, 0.80, 0.88, 0.88, 1.28, respectively. By using the THINGS sample, de Blok et al. (2008) concluded that galaxies brighter than M B > −19 have profiles that can be equally well described by cored or cuspy profiles, while those with M B < −19 are best fitted by cuspy profiles.
In the case of clusters of galaxies, Host & Hansen (2009) took a sample of 11 highly relaxed clusters and used the measurements of the X-ray emitting gas to infer model-independent mass profiles. They then made comparisons with a number of different models that have been applied as mass profiles in the literature, concluding that there is a strong indication that this inner slope needs to be determined for each cluster individually. This implies that X-ray observations do not support the idea of a universal inner slope, but perhaps show a hint of a dependence with redshift or mass. Similar result comes from the studies of Sand et al. (2002 Sand et al. ( , 2004 Sand et al. ( , 2008 and Newman et al. (2013a,b) , which studied the external parts of several clusters of galaxies through weak lensing, and the inner one through strong-lensing, and stellar dynamics.
Before concluding, I would like to mention that the equations in the present paper have similarities to those in the study of Sapar (2014) , in which non-relativistic low-velocity massive neutrinos (or a generic weak-interacting particle) have cooled down to very low temperatures and velocities, so that they may affect the evo-lution of halos. Interestingly, in that scenario, cores are formed in the galactic center, instead of the cusps predicted by simulation.
CONCLUSIONS
In the present paper, we checked if the pseudo phase-space density, ρ(r)/σ 3 (r), behaves as a power law over 2-3 orders of magnitude in radius inside the virial radius by means of the model described in Del . We find that ρ(r)/σ 3 (r) is not in general a power-law for the case A (dark matter and baryons) and case B (no baryons) described in the paper. In the radial range probed by current N -body simulations (down to 10 −3 virial radii), ρ(r)/σ 3 (r) approximately behaves like a power-law, while for radial scales below the resolution of current simulations, there are significant deviations from a power-law profile. A similar, non power-law behavior is observed at large radii (> 10 virial radii). In the paper, we also set the angular momentum and dynamical friction so that the density profile is approximately an NFW profile (case C). In this case, ρ(r)/σ 3 (r) is approximately a power law. The pseudo phase-space density was calculated for structures on galactic and cluster of galaxy mass scale. The behavior of ρ(r)/σ 3 (r) observed was similar, but in the case of galaxy clusters the slope was steeper in both case A and case B. This difference is connected to the different redshift at which the two classes of objects formed, higher for galaxies, lower for galaxy clusters, which implies a longer time at disposal of galaxies to evolve. The results of the quoted study are in agreement with those of Schmidt et al. (2008) and Ma et al. (2009) . We conclude that radial profiles of the pseudo phase-space density corresponding to the density profiles which flatten going towards the halo center cannot be power-laws, and the prediction of N -body simulations of a power-law behavior in ρ(r)/σ 3 (r) is due just to the fact that the pseudo phase-space density is observed only down to a resolution limit of 10 −3 virial radii. The results argue against universality of the pseudo phase-space density and, as a consequence, argue against universality of density profiles constituted by dark matter and baryons as also discussed in Del .
